INTRODUCTION
The main structural brain material are lipids (60%) which have a unique profile of the long-chain polyunsaturated fatty acids of the essential fatty acids group (Crawford, 1993) . This profile remains stable in all species regardless of the testing conditions, so that size rather than composition is influenced under unfavourable conditions (Crawford et al., 1976) . Such findings point to the conclusion that providing these fatty acids is a limiting factor for the brain development and evolution (Crawford and Marsh, 1989) .
Ninety Lohman Brown laying hens in the 34th week of production and at 56 weeks of age were used in the study. The hens were kept under standard conditions for commercial egg production.
The animals were randomly divided into three groups -FO, PO and LA. Hens in group FO were fed a feed mixture with 3% fish oil ("Henry Lamotte" GmbH, Bremmen, Germany), group PO with 3% palm olein ("Alami Corporation SDN, BHD", Selangor, Malaysia), and group LA with 3% lard ("Meat Industry Gradiska" Gradiska, B&H). During the fifth and sixth week of the preliminary study eggs were collected (complete production) for the preparation of food for rats.
Concentration and content of total lipids, triglycerides and cholesterol, as well as fatty-acid composition of total lipids were determined in the egg yolks. The results of these analyses were shown in a previously published article (Hodzic et al., 2008) .
The experimental part of the study, for a total period of four weeks, was conducted on 64 Wistar rats, 32 females and 32 males, four months old at the start of the experiment.
The rats were fed ad libitum and had free access to water during the experiment. Three days before the start of the experiment all rats were fed a commercial pelleted feed mixture ("MB-MIX", Banja Luka, B&H). After three days of adaptation to the experimental housing conditions, rats were weighted and randomly allocated to four groups (C, F, P and L) with 16 individuals in each (eight of each sex).
Three experimental diets were prepared to contain 70% of the commercial feed mixture for rats and 30% freshly cooked yolks of laying hens from groups FO, PO and LA. The eggs were cooked for 15 minutes, cooled, and then yolks were separated and homogenized. Samples of commercial feed mixture were ground and soaked in the same amount of water and mixed with egg yolk samples. The obtained mixture was manually homogenized and cakes were made and dried for 24 hours at room temperature, and then dried at 50 o C to a constant weight. To prepared cakes were kept in paper bags in a dry and dark place.
The control rats (group C), were fed a commercial pelleted feed mixture. Diet for rats in group F was made of cakes containing 30% cooked egg yolk from group FO hens. Group P was fed cakes containing 30% cooked yolk from eggs of laying PO hens group, and rats in group L offered the diet with 30% of cooked egg yolk from LA hens group. Fresh meals, both commercial and experimental, were offered every two days and feed consumption and weight gain were measured weekly.
The composition of diets for rats and its fatty-acid compositions are given in Tables 1 and 2 . Experimental diets differed in comparison to the control primarily in the higher total fat content as a result of adding cooked egg yolks in a quantity of 30%. This increase was mostly on behalf of nitrogen free extract (NFE) and fibres. Regarding the fatty-acid composition of total lipids, the experimental diets also contained more saturated fatty acids -stearic and palmitic, but the content of linoleic acid (C18:2n-6) was much lower in relation to the diet of control rats ( Table  2) . *C, F, P and L represent the groups of rats according to feeding treatments: control group (C) fed a commercial feed mixture for rats and the experimental groups fed the diets containing 30% egg yolk from laying hens fed mixtures with fish oil (F), palm olein (P), or lard (L) After 28 days of experimental feeding, the rats were subjected to 12-hour fasting. The next day the animals were weighed, and then their blood was taken from the abdominal aorta under mild anesthesia with diethyl-ether. Blood samples were collected in vacutainers of 3 mL with EDTA as an anticoagulant, and then exenteration was performed. Individual brain samples were homogenized, and then a 1 g sample was added to 19 mL of chloroform/methanol mixture in a ratio 2:1 (Folch et al., 1957) and the samples were covered with double tin foil and kept at -18 o C until later processing. The homogenizate remains were also stored at -18 o C as pooled samples (all animals of one group) for the determination of fatty-acid composition of total brain lipids, which was performed with the procedure previously described for feed samples feeds for laying hens (Hodzic et al., 2005) .
After removal from the freezer lipid brain extracts were kept at room temperature for 24 hours to complete the extraction of fats. Subsequently, the extracts were filtered and the filtrate was directly used as the sample for the determination of total lipids and total cholesterol. Methods and procedures for the determination of these three parameters have been described previously for egg yolks (Hodzic et al., 2005) . Concentration and content of total lipids and total cholesterol have been expressed in mg/g or mg/total organ weight.
The data were processed by two-way ANOVA. The differences between the treatment means were further analyzed by Duncan's multiple range test at significance level of p<0.05, but only if ANOVA showed a significant effect of treatment. Table 3 contains the results of the initial body mass, its increase and food consumption in rats. All values represent mean±SE (n=8). C, F, P and L represent groups of rats, females and males, according to the dietary treatments: control group, groups with 30% added egg yolk from the laying hens fed by fish oil, palm olein and lard respectively. a,b,c = values of the same sex and in the same column with the different letter in the superscript are significantly different (p<0.05). * = significant difference (p<0.05) between the same groups of the opposite sexes. SE = standard error of the mean.
RESULTS
Animals of the same sex in different groups showed no significant difference in body mass in the beginning of the experiment. However, there was an evident and understandable difference between the individuals in the same group but of the opposite gender. Also, there was a difference in female and male behaviour regarding body mass increase expressed in g/rat/4 weeks ( Table 3) . Significantly different feed consumption between the groups did not result in significant differences in body mass increase in females. The highest food consumption was in individuals in the control group, and the highest increase of body mass was found in group P. This finding was valid for both sexes. Dietary treatments significantly influenced only the mass of the brain and lungs in females, while in males they influenced the mass of all organs, except the adrenal gland and lungs (Table 4) .
Dietary treatments did not significantly influence the concentration and content of total lipids in the brain of females ( Figure 1) ; while in males, they influenced only the content of total lipids (Figure 2 ).
Regarding total cholesterol, different responses of females ( Figure 3 recorded. Namely, the highest concentration of total brain cholesterol was found in the control group females, while it was not the case with the males. Moreover, cross-relations of various dietary treatments differed for males as well, regarding the content of total brain cholesterol. Figure 4 . Concentration and content (mean±SE) of the total cholesterol in the brain of the male rats (n=8). C, F, P and L represent groups of rats, according to dietary treatments: control group, groups with 30% added egg yolk from the laying hens fed fish oil, palm olein and lard respectively. a,b = values of the same series with a different letter are significantly different (p<0.05). * = significant difference (p<0.05) compared to females of the same group (Figure 3) . SE = standard error of the mean total cholesterol (mg/brain) total cholesterol (mg/g) total cholesterol (mg/g) total cholesterol (mg/brain) Table 5 shows the fatty acid composition of brain lipids by groups and gender, determined in pooled samples from all individuals of the same group. In females of the experimental groups, a higher presence of palmitic, stearic and oleic acid was found in the brain lipids compared to the control group. Group P showed the highest values. In males, there was neither a consistent distinction between the experimental groups on one side and the control group on the other nor between individual experimental groups. In our research, dietary treatments had no significant influence on the level of total lipids as the main structural brain material (Figures 1 and 2) , although quite high individual variations were noticed, especially in females (Figure 1 ). In males, important differences were recorded only in content (mg/brain) of the total lipids between F and P group (Figure 2) , as a possible confirmation of the thesis that in unfavourable conditions, which in our case could be high dietary intake of total fat due to egg yolk addition, the amount of total fat in the brain tissue (Crawford et al., 1976) or the mass of the organ itself can be changed. Namely, in females, statistically significant differences in the brain mass were established, expressed in g/100 g of body mass, between all the groups, and in males, statistically significant lower brain mass, compared to all three remaining groups, were in individuals in group F (Table 4) . Moreover, the brain was the only exentered organ in females the mass of which was significantly influenced by the dietary treatment, except the lung mass but just in group F. However, the situation was different for male rats as dietary treatment had no significant influence only on the mass of the adrenal glands and of the lungs (Table 4) . Statistical significance of differences between organ mass between the same groups, and of different sex is a consequence of statistically significant differences in their body mass (Table 3) .
Cholesterol metabolism in the developed brain is extremely slow (Lütjohann et al., 1996) . Practically the entire cholesterol, present in the developing or developed brain, comes from de novo synthesis, so that the animal brain does not use LDL-cholesterol (Turley et al., 1996) . According to our results and ascertained differences between the groups (Figures 3 and 4) , dietary sources could influence the level of its synthesis after 28 days of consumption, but differently in males and females.
Brain lipids are cholesterol and phosphoglicerides rich in long-chain fatty acids, primarily arachidonic and docosahexaenoic ones (Crawford, 1992) . Docosahexaenoic acid is one of the most represented components of the structural brain lipids. Like eicosapentaenoic acid it can come directly only from food or by synthesis from eicosapentaenoic and linolenic acids also from food (Simopoulos, 1999). Having in mind the above statements, as well as the importance of docosahexaenoic acid for the nervous tissue and retina, it is clear that any meaningful discussion on the brain lipids implies analysis of changes in the content of arachidonic and especially docosahexaenoic acid which are incorporated in the phospholipids of the brain in adult animals (Petursdottir et al., 2008) . Due to the impossibility of determining the content of polyunsaturated fatty acids, there will be no discussion on the dietary influence of egg yolks of different quality on the content of essential long-chain polyunsaturated fatty acids of brain lipids. In the framework of measured fatty acids, more visible differences were noted, compared to the other groups, i.e. in the control group females and F group males (Table 5) . Primarily, it pertains to the total percentage of the measured fatty acids which was almost half in the said groups, compared to the other groups, determined inside the same sex. This, on one hand, raises the question which fatty acids represent the remaining part of the 100%, and, on the other hand, differences between females and males are evident in the incorporation of certain fatty acids in the brain tissue lipids, which is, also, influenced by the diet (Rapoport, 2008; Childs et al., 2010) .
CONCLUSION
Under unfavourable conditions, which in our case could be a high dietary intake of total fat due to egg yolk addition, the amount of total fat in the brain tissue or the mass of the organ itself can be changed. The applied dietary treatments could also influence the level of de novo synthesis of total cholesterol in the rat brain. High dietary fat intake, as well as the fat quality regarding its fatty-acid composition, appear to be able to significantly influence the fatty-acid profile of total brain lipids in adult rats, whereas the level and quality of the changes also depend on the sex. However, for a more purposeful analysis of the possibility of dietary modification of total brain lipids composition, it is necessary to determine the long-chain polyunsaturated fatty acids, especially arachidonic and docosahexaenoic ones.
